naml t\(Ln~t $    In    h'sh    rood     OfocLni"srns 
lno|     Duck     /cod  oVo««/s*#S   from  ifeckuk 
Pod  l(    fflis&tsS'ipp''    &  ^'&^ 


CONTAMINANTS  IN  FISH  FOOD  ORGANISMS  AND  DUCK  FOOD  ORGANISMS 
FROM  KEOKUK  POOL,  MISSISSIPPI  RIVER 


for 

United  States  Fish  and  Wildlife  Service 

Environmental  Contaminants  Evaluation  Program 

Federal  Building,  Fort  Snelling 

Twin  Cities,  Minnesota  55111 


Prepared 
2  November  1979 


by 

Richard  E.  Sparks,  Associate  Aquatic  Biologist 

Illinois  Natural  History  Survey 

River  Research  Laboratory 

Havana,  Illinois  62644 

and 

Kenneth  E.  Smith,  Associate  Chemist 

Illinois  Natural  History  Survey 

172  Natural  Resources  Building 

Urbana,  Illinois  61801 


Project  Officer  for  the  U.S.  Fish  and  Wildlife  Service: 

Mr.  Brian  P.  Cole,  Staff  Biologist  ECE 

U.S.  Fish  and  Wildlife  Service 

Federal  Building,  Fort  Snelling 

Twin  Cities,  Minnesota  55111 

Contract  Number:   U.S.  Department  of  the  Interior  14-16-0003-77-056 


Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

CARLI:  Consortium  of  Academic  and  Research  Libraries  in  Illinois 


http://www.archive.org/details/contaminantsinfiOOspar 


INTRODUCTION 

The  purpose  of  this  project  was  to  measure  contaminant  levels  in 
selected  plants,  benthic  animals,  and  sediments  from  the  Keokuk  Pool, 
Mississippi  River.   Prior  to  this  project  there  was  virtually  no  informa- 
tion on  what  levels  of  contaminants,  or  even  what  types  of  contaminants, 
are  found  in  the  sediments  and  organisms  of  Keokuk  Pool,  with  the  exception 
of  adult  mayflies,  which  are  collected  from  the  pool  as  part  of  a  chemical 
contaminant  monitoring  program  in  the  Mississippi  River  being  conducted  by 
the  Columbia  National  Fishery  Research  Laboratory  of  the  U.S.  Fish  and 
Wildlife  Service. 

Contaminant  levels  in  organisms  which  serve  as  food  for  fish  and 
waterfowl  are  of  special  concern,  because  use  of  the  pool  by  diving  ducks 
(including  the  endangered  canvasback  duck)  has  been  increasing  in  recent 
years  (see  Figure  1) ,  and  the  pool  supports  an  important  commercial  fishery 
which  consistently  ranks  in  the  top  3  among  all  Mississippi  River  pools  in 
commercial  catch  (Rasmussen,  1979:  Al).   The  increasing  use  of  Keokuk  Pool 
by  diving  ducks,  such  as  canvasbacks,  may  be  attributable  to  declines  in 
food  resources  in  other  parts  of  the  Mississippi  Flyway  —  in  the  Illinois 
River,  for  example  (Mills  et  al. ,  1966:  18-21). 

Thompson  and  Sparks  (1977:  1  )  reported  that  one  important 

fish  and  duck  food  organism,  the  fingernail  clam,  declined  significantly 
in  the  Keokuk  Pool  in  1976  and  1977.   The  specific  causes  for  the  decline 
were  unknown,  but  the  potential  for  environmental  contamination  from  various 
cities,  industries,  and  agricultural  areas  along  the  pool  and  upstream  from 
the  pool  is  great. 
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Figure  1.   Canvasback  duck  utilization  of  two  reaches  of  the  Keokuk  Pool,  Mississippi 
River  has  increased  in  recent  years  according  to  aerial  censuses 
by  the  Illinois  Natural  History  Survey. 
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STUDY  SITE 

The  Keokuk  Pool,  or  Pool  19,  is  a  47-mile  (76-kilorneter)  section  of 
the  Mississippi  River  extending  from  Lock  and  Dam  19  at  Keokuk,  Iowa  upstream 
to  Lock  and  Dam  18  above  Burlington,  Iowa.   The  upstream  half  of  the  pool 
is  least  influenced  by  Dam  19,  and  the  river  is  relatively  narrow,  the 


. 


current  swift,  and  the  bottom  comprised  of  sand  in  many  locations.   As  a 
result  of  the  influence  of  the  dam,  the  downstream  half  of  the  pool 
averages  one  mile  in  width,  the  current  velocity  is  reduced,  and  the  bottom 
is  predominantly  mud.   Animals  which  serve  as  food  for  diving  ducks,  such 
as  mayflies  and  fingernail  clams,  thrive  in  mud  bottoms  where  the  current 
is  not  too  swift.   Diving  ducks  also  feed  on  aquatic  plants  which  thrive  in 
shallow  areas  lateral  to  the  main  channel  where  the  current  velocity  is 
reduced.   Because  the  food  organisms  and  waterfowl  usage  of  the  pool  were 
concentrated  in  the  downstream  reach,  our  sampling  stations  were  also 
located  in  this  reach. 

METHODS 

Field  Methods 

Figures  2  and  3  show  the  location  of  five  sampling  stations  established 
for  this  project  (Stations  4,  8,  9,  Nauvoo,  and  Dallas  City).   The  stippled 
areas  show  portions  of  the  pool  which  are  heavily  used  by  diving  ducks 
during  their  fall  migrations,  based  on  aerial  waterfowl  censuses  made  by 
Frank  Bellrose  and  Robert  Crompton  of  the  Illinois  Natural  History  Survey. 
The  numbered  stations  were  established  in  July,  1973  for  the  purpose  of 
monitoring  population  dynamics  of  benthic  invertebrates.   Three  of  these 
stations,  4,  8,  and  9,  were  used  in  the  present  study  to  determine  levels 
of  contaminants  in  selected  macroinvertebrates .   Since  the  water  depth  at 
station  4  is  approximately  9  feet  and  at  station  8  approximates  12  feet, 
no  aquatic  vegetation  is  able  to  grow,  so  we  established  two  other  stations, 
one  in  a  plant  bed  below  Nauvoo  and  one  in  a  plant  bed  at  Dallas  City,  in 
order  to  obtain  plants  and  species  of  snails  associated  with  plants. 


Figure  2.   Map  of  the  downstream  portion  of  Keokuk  Pool.   The  numbered 

stations  are  where  macroinvertebrate  populations  are  routinely 
sampled  by  the  Illinois  Natural  History  Survey.   Collections  were 
made  for  contaminant  analysis  at  stations  4,  8,  9,  and  just 
below  Nauvoo  near  the  eastern  shore. 
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Figure  3.   Map  of  the  Keokuk  Pool  upstream  from  the  Fort  Madison  bridge. 
The  contaminant  sampling  station  at  Dallas  City  was  located  in 
a  plant  bed  in  shallow  water  near  the  eastern  shore. 


Station  9,  located  just  above  Dam  19,  is  only  three  to  four  feet  deep  and 
usually  has  both  fingernail  clams  and  aquatic  plants. 

Bottom  samples  were  taken  at  stations  4,  8,  and  9  with  a  Ponar  dredge. 
Sediment  samples  were  taken  directly  from  the  dredge  by  scooping  with  a 
glass  jar.   Sediment  samples  from  the  shallow  stations  at  Nauvoo  and  Dallas 
City  were  scooped  directly  into  glass  jars,  without  using  the  dredge. 


Sediment  to  be  analyzed  for  pesticides  was  kept  in  a  glass  jar  with  an 
aluminum  foil  lined  dap.   Sediment  for  metals  analysis  was  placed  in  plastic 
bags. 

At  stations  4  and  8,  fingernail  clams,  Musculium  transversum,  and  two 
species  of  snails,  Viviparus  georgianus  and  Campeloma  crassula,  were  sepa- 
rated from  the  mud  by  washing  the  mud  through  a  30-mesh  screen  with  a 
12-volt  battery-operated  water  pump.   Ponar  samples  repeatedly  were  taken 
and  washed,  until  we  had  accumulated  25  g  wet  weight  of  each  species  for 
pesticide  analysis  and  another  25  g  for  heavy  metals  analysis.   Organisms 
for  pesticides  analysis  were  placed  in  aluminum  foil,  while  those  for 
metals  analysis  were  placed  in  plastic  bottles  which  had  previously  been 
rinsed  with  acid  and  distilled,  deionized  water.   The  Ponar  dredge, 
screens,  and  washing  equipment  had  all  been  in  use  since  1973,  and  we  felt 
that  contamination  of  the  samples  by  the  equipment  was  minimal. 

At  station  9  samples  of  Musculium  transversum,  Viviparus  georgianus  and 
Campeloma  crassula  were  taken  with  the  Ponar  dredge  and  treated  the  same  way 
as  at  stations  4  and  8.   In  addition,  wild  celery,  Vallisneria  americana, 
water  star  grass,  Heteranthera  dubia,  and  a  snail  which  inhabited  the  plants, 
Helisoma  trivolvis ,  were  collected  at  station  9  by  hand  or  with  a  garden 
rake  after  stopping  the  outboard  motor  and  drifting  into  an  area  so  as  to 
avoid  contaminating  the  plants  with  exhaust  from  the  motor.   Helisoma  trivolvi; 
wild  celery  and  water  star  grass  were  collected  from  plant  beds  below  Nauvoo 
and  at  Dallas  City  by  wading  and  picking.   The  samples  were  kept  in  foil  or 
plastic  bottles  in  the  same  manner  as  at  the  other  stations.   In  the  fall 
of  197S,  wild  celery  could  not  be  obtained  at  Dallas  City,  so  coontail, 
Ceratophyllum  demersum,  was  substituted.   In  addition,  the  aquatic  vegetation 


was  so  reduced  that  the  plant-inhabiting  snail,  Helisoma  trivolvis,  could 
not  be  taken  in  sufficient  quantity  at  station  9  and  at  Nauvoo  so  only 
Viviparus  georgianus  and  Campeloma  crassula  were  collected.   In  1977  four 
replicate  Ponar  samples  of  mud  were  taken  at  station  9  and  placed  in  glass 
jars  in  order  to  check  the  variability  in  metals  analyses  among  samples 
taken  from  the  same  site  on  the  same  day. 

All  samples  of  sediment,  plants  and  animals  were  placed  on  ice  in  a 
cooler  and  transported  back  to  the  laboratory  where  they  were  placed  in 
the  deep  freeze.   Our  original  schedule  called  for  sampling  in  the  fall  of 
1977  and  the  spring  of  1978  during  the  waterfowl  migrations.   However, 
populations  of  fingernail  clams  declined  during  1976  and  1977  and  were  ex- 
ceptionally low  in  the  spring  of  1978  —  so  low  that  it  was  impossible  to 
obtain  25  g  of  fingernail  clams  at  any  of  the  stations.   Also,  no  aquatic 
plants  were  available  in  the  spring  of  1978.   Hence,  the  schedule  was 
revised  so  that  sampling  was  conducted  in  the  fall  of  1978,  when  aquatic 
plants  were  available  and  fingernail  clam  populations  had  begun  a  recovery. 

Laboratory  Methods  —  Metals 


All  samples  were  kept  frozen  prior  to  f reeze-drying.   All  samples  were 
freeze-dried.   The  biological  samples  were  pulverized  prior  to  the  removal 
of  aliquots  for  weighing  and  analysis.   The  sediment  samples  were  ground  to 
pass  a  30-mesh  screen  prior  to  removal  of  aliquots  for  analysis. 

The  biological  samples  were  digested  for  all  metals  except  mercury 
with  a  mixture  of  concentrated  nitric  and  perchloric  acids  in  kjeldhal 
flasks  until  the  appearance  of  perchloric  acid  fumes.   The  solutions  were 
centrifuged  to  remove  insoluble  silicates  and  diluted  to  volume  with  water 


in  a  25-ml  volumetric  flask.   They  were  then  stored  in  plastic  bottles  un 


til 


analysis.   Separate  aliquots  of  these  samples  were  digested  for  mercury 
analysis  with  a  mixture  of  concentrated  sulfuric  and  nitric  acids,  potas- 
sium permanganate  solution  and  potassium  persulfate  solution  in  a  95  C 
water  bath  with  the  addition  of  solid  potassium  permanganate  until  oxidation 
was  complete,  usually  about  four  hours.   This  was  signalled  by  no  loss  of 
the  permanganate  color  for  30  minutes.   These  samples  were  diluted  to  volume 
with  water  in  100-ml  volumetric  flasks  and  analyzed  the  next  day  as  described 
below. 

The  sediment  samples  were  extracted  for  the  analysis  of  all  metals 
except  mercury  with  a  dilute  (0.05N)  solution  of  hydrochloric  acid.   This 
was  done  by  shaking  a  15-g  aliquot  of  the  sample  with  30  ml  of  the  acid 
for  30  minutes  on  a  reciprocal  shaker.   The  mixture  was  centrifuged  and 
the  centrifugate  analyzed  as  below.   Separate  aliquots  of  the  sediments 
were  digested  for  mercury  analysis  by  boiling  with  10  ml  of  aqua  regia 
followed  by  an  acidic  permanganate  digestion  similar  to  that  described 
above.   These  solutions  were  diluted  as  previously  described  and  analyzed 
the  same  day. 

All  metal  analyses  except  mercury  were  made  using  an  inductively 
coupled  plasma  source  optical  emission  spectrometer  (ICP-OES) ,  a  Jarrell-Ash 
Plasma  Atomcomp  Model  975.   Standards  were  prepared  using  high-purity 
metals  and  salts  and  were  diluted  in  a  matrix  to  match  the  samples.   Mercury 
analyses  were  made  on  a  Fisher  Model  HG-3  mercury  analyzer  connected  to  a 
digital  integrator  and  a  strip-chart  recorder. 

Laboratory  Methods  --  Pesticides 

A  frozen  sample  of  snails,  clams,  sediment,  or  plants  was  weighed 
into  a  250-ml  erlenmeyer  flask.   The  tissue  of  the  snails  and  clams  was  not 
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separated  from  the  shells,  and  the  shells  were  included  in  the  total  weight. 
A  small  amount  of  Na„S0,  was  added  and  the  material  was  pulverized  with  a 
glass  rod.   One  hundred  ml  of  nanograde  hexane  was  added  to  the  flask  and 
it  was  placed  on  a  magnetic  stirrer  for  two  hours.   The  hexane  solution 
was  decanted  through  a  funnel  packed  with  Na  SO,  and  the  Na-SO,  was  rinsed 
with  an  additional  100  ml  of  hexane.   All  rinsings  were  combined  and  this 
solution  was  condensed  to  about  5  ml  on  a  steam  bath  under  a  Snyder  column. 

The  extract  was  transferred  to  a  previously  standardized  30-gm  florisil 
column  and  eluted  with  90  ml  of  dry  hexane  followed  by  an  elution  with  150 
ml  of  10%  ethyl  ether  in  hexane.   The  resulting  solutions  were  concentrated 
on  a  steam  bath  and  placed  in  centrifuge  tubes  to  await  analysis. 

Instrument  conditions  and  column  packing  for  the  gas  chromatography 
were  as  follows: 

Instrument:   Varian-Aerograph  2100  equipped  with  a  63  Ni  electron 
capture  detector. 

Column:   6  ft  x  4  mm  ID  glass. 

Packing:   2.5%  OV-210/1.5%  OV-17  on  80/100  mesh  chromosorb. 

Temperatures:   Column  180  C,  Injector  220  C,  Detector  250  C. 

Carrier  gas:   Nitrogen. 

Flow  rate:   40  ml/min  or  adjusted  for  maximum  response. 

The  detection  limits  for  the  pesticide  analyses  are  given  in  Table  1. 

Cross-Checks  with  Other  Laboratories 


Portions  of  samples  which  had  been  taken  in  the  fall  of  1977  from 
Keokuk  Pool  were  sent  to  the  Northern  Prairie  Wildlife  Research  Station, 
Jamestown,  North  Dakota  to  cross-check  the  metals  analyses,  and  to  Raltech 
Scientific  Services,  Incorporated,  Madison,  Wisconsin,  to  cross-check  the 


Table   1  .   Pesticide  Detection  Limits  (Illinois  Natural  History  Survey) . 
All  concentrations  are  ppb. 
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Water  Star  Wild  Fingernail 

Sediment   Grass    Coontail   Celery    Snails    Clams 


0.20 


0.006  0.016  0.016  0.033  0.032 


Dieldrin 


0.05 


0.011     0.040     0.0A0     0.083     0.080 


Chlordane 


0.60 


0.090     0.048     0.048     0.100     0.100 


DDT 


2.00 


5.00 


0.033 
0.211 


0.160  0.160  0.333  0.320 


0.40  0.400  0.833 


0.800 


1.00 


0.017  0.088  0.088  0.183  0.176 


0.200  0.004  0.021  0.021  0.043 


0.050 


Heptachlor 


0.100  0.002  0.008  0.008  0.017  0.02 


Heptachlor 
Epoxide 


0.700  0.010  0.056  0.056  0.117  0.112 


0.001  0.020  0.020  0.020  0.300  0.550 


2.658  0.800  0.800  2.000  1.600 
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pesticide  analyses  performed  by  the  Illinois  Natural  History  Survey.   The 

Northern  Prairie  Wildlife  Research  Station  subsequently  subcontracted  to 

Dr.  Munshower  of  Montana  State  University  for  the  metal  analyses. 

Portions  of  samples  taken  from  Keokuk  Pool  in  the  fall  of  1978  were  sent  to 

Raltech  to  cross-check  the  Illinois  Natural  History  Survey  pesticide  analyses 

and  to  Analytical  Bio  Chemistry  Laboratories,  Incorporated,  Columbia, 

Missouri,  to  cross-check  metal  analyses.   The  U.S.  Fish  and  Wildlife 

Service  project  officer,  the  principal  investigator,  and  chemists  representing 

the  U.S.  Fish  and  Wildlife  Service,  Analytical  Bio  Chemistry  Laboratories, 

and  Illinois  Natural  History  Survey  met  on  26  June  1979  in  the  Natural 

History  Survey  offices  at  Urbana  to  discuss  the  results  of  the  cross-checks. 

In  1977  the  material  sent  to  the  cross-check  laboratories  consisted  of 
acid  digests  of  samples  for  metals  analyses  and  portions  of  the  whole  frozen 
samples  for  pesticide  analyses.   In  1978,  both  extracts  and  portions  of  the 
freeze-dried  samples  were  sent  to  Analytical  Bio  Chemistry  Laboratories  as 
a  check  on  the  comparability  of  both  the  digestion  and  analytical  techniques 
used  in  metal  analyses.   Again,  portions  of  the  whole  frozen  samples  were 
sent  to  Raltech  to  cross-check   the  Illinois  Natural  History  Survey  pesticide 
analyses. 

RESULTS  &  DISCUSSION 

Changes  in  Keokuk  Pool  between  1977  and  1978 

A  drought  occurred  in  the  upper  Mississippi  basin  in  1976  and  1977. 
When  the  1977  samples  for  contaminant  analysis  were  taken,  the  fingernail 
clam  populations  had  undergone  a  60%  reduction  in  numbers  and  the  growth 
of  the  remaining  clams  had  been  retarded  (Thompson  and  Sparks,  1977:  1). 
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Since  industries  and  municipalities  continued  discharging  the  same  amount 
of  effluent,  while  the  flow  in  the  river  was  drastically  reduced  as  a 
result  of  the  drought,  it  is  likely  that  many  toxic  materials  were  at 
higher  concentrations  than  in  preceding  years  or  in  1978  when  the  flows 
returned  to  normal.   It  is  possible  that  both  toxicants  which  accumulate 
in  fingernail  clams  and  toxicants  which  act  externally  on  fingernail  clams 
were  at  higher  concentrations  during  the  drought  years.   For  example,  Thompson 
and  Sparks  (197  7:  6)  reported  that  ammonia  levels  at  a  water  intake  on 
Keokuk  Pool  were  higher  in  1976  than  in  1973. 

Since  there  was  abnormally  low  rainfall  in  1976  and  1977,  soil  erosion 
and  runoff  was  sharply  reduced,  and  the  upper  Mississippi  River  became  quite 
clear.   Secchi  disk  transparency  in  Keokuk  Pool  in  May  was  21  cm  in  1975, 
40  cm  in  1976,  and  80  cm  in  1977.   Because  of  the  low  stable  flows  and 
increased  light  penetration,  aquatic  plants  in  Keokuk  Pool  burgeoned.   Large 
beds  of  wild  celery  appeared  above  the  dam  for  the  first  time  in  the  memory 
of  many  long-term  residents  of  the  area.   One  species  of  snail  which  inhabits 
aquatic  plants,  Helisoma  trivolvis ,  became  abundant  in  1977.   With  the  return 
to  more  normal  water  flow  and  turbidity  in  1978,  the  beds  of  aquatic  plants 
were  reduced,  as  were  the  populations  of  Helisoma. 

Paveglio  and  Steffeck  (1978:  39)  reported  that  the  diving  ducks  utilizing 
Keokuk  Pool  apparently  took  advantage  of  the  availability  of  plant  material, 
such  as  the  winter  buds  of  wild  celery,  and  the  snails,  Helisoma,  which 
inhabited  the  plants.   It  is  probably  fortunate  that  the  aquatic  plants 
increased  at  the  time  the  fingernail  clam  populations  declined,  or  there 
might  have  been  a  serious  shortage  of  food  for  diving  ducks  in  the  Keokuk 
Pool. 
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Possible  relationships  between  the  changes  in  the  Keokuk  Pool  between 
1977  and  1978  and  the  results  obtained  in  this  project  will  be  discussed  below. 

Results  of  Cross-Checks  and  Replicate  Sampling  and  Analyses 

Table  2  shows  the  results  of  metal  analyses  from  four  replicate  Ponar 
grab  samples  of  sediment  from  station  9.   These  samples  were  taken  with  the 
boat  anchored  in  one  place  in  approximately  3%  feet  of  water.   The  boat 
generally  swings  in  response  to  wind  and  current  on. its  anchor  rope,  and  it 
is  highly  unlikely  that  the  three  grabs  came  from  exactly  the  same  point  on 
the  bottom.   Since  this  is  the  shallowest  station  sampled  by  boat,  we  ex- 
pected the  least  amount  of  swinging  around  the  anchor  (because  the  anchor 
rope  was  shorter)  and  hence  the  least  variation  in  positioning  of  the  Ponar 
on  the  bottom.   Each  of  the  four  grab  samples  was  treated  separately  in 
the  laboratory,  and  three  aliquots  were  taken  from  the  final  extract  of  each, 
except  where  noted  in  the  table.   The  values  in  the  table  are  means  and 
standard  deviations  of  replicate  aliquots  from  each  grab  sample.   Note  that 
for  some  elements  which  were  near  detection  limits,  such  as  cadmium,  the 
standard  deviation  of  the  triplicate  analyses  was  up  to  50%  of  the  mean. 
The  mean  values  for  the  four  grab  samples  were  generally  in  close  agreement, 
and  only  in  the  case  of  mercury  were  the  four  grab  samples  significantly 
different. 

Tables  3,  4,  and  5  compare  the  results  of  the  1977  cross-checks  for 
metals  between  Dr.  Munshower's  laboratory  at  Montana  State  University  (MSU) 
and  the  Illinois  Natural  History  Survey  (INHS)  laboratory.   In  many  cases, 
the  mean  values  obtained  by  the  two  labs  were  significantly  different,  but 
the  standard  deviations  as  a  percentage  of  the  mean  were  similar.   These 
results  indicate  that  the  repeatability  of  instrument  readings  within  each 
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Table   2  .   Concentrations  of  metals  in  4  replicate  grab  samples  of  sediment 

from  Station  9  of  the  Keokuk  Pool  of  the  Mississippi  River  taken  in 
Fall  1977.   All  concentrations  are  Ug  per  g  (ppm)  except  for  mercury 
concentrations  which  are  ug  per  kg  (ppb)  . 
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0.66 

B 

0.98 

0.24 

0.96 

0.24 

0.90 

0.09 

1.1 

0.1 

0.63 

Ba 

1.4 

0.2 

1.4 

0.1 

1.2 

0.2 

1.5 

0.1 

1.94 

Be 

<0.06 

<0.06 

<0.06 
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Cd 

0.40 

0.21 

0.32 

0.12 
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0.26 

0.10 

0.49 

Co 
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2.0 

0.4 

2.1 

0.3 

2.2 

0 

0.26 

Cr 

0.93 

0.43 

0.77 

0.35 

0.91 

0.30 

0.65 

0.08 

0.52 

Cu 

0.86 

0.32 

0.64 

0.23 

0.77 

0.19 

0.65 

0.08 

0.68 

Hg 
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Mo 

<0.6 

<0.6 

0.46* 

<0.6 

Ni 

1.5 

0.5 

1.5 

0.3 

1.6 

0.3 

1.4 

0.1 

0.88 

Pb 

3.3 

2.0 

2.6 

1.7 

4.0 

0.9 

2.1 

0.4 

0.61 

Rb 

<0.6 

<0.6 

<0.6 

<0.6 

Sb 

1.2a 

<1.2 

<1.2 

0.47b 

0.11 

Se 

3.0 

1.1 

1.7 

0.8 

2.0 

0.8 

1.4 

0.2 

2.24 

Sn 

<2.4 

5.1a 

<2.3 

<2.4 

V 

0.93 

0.43 

0.77 

0.35 

0.91 

0.30 

0.65 

0.08 

0.52 

Zn 

3.8 

0.7 

4.7 

1.4 

4.5 

1.0 

4.8 

1.0 

0.62 
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of  the  labs  was  similar.   In  general,  INHS  had  higher  values  for  metals  than 
MSU. 

The  INHS  values  for  mercury  in  sediments  were  higher  those  of  MSU 
probably  because  an  extraction  was  used  on  sediment  samples  for  mercury 
analysis  which  decomposed  mercury  sulfide.   This  digest  was  separate  from 
the  dilute  acid  extraction  used  for  other  metals  in  sediments.   Only  the 
dilute  acid  extract  was  provided  to  MSU.   Mercury  analysis  of  the  stronger 
digest  provides  a  better  indication  of  the  total  amount  of  mercury  in  the 
sediment.   Analysis  of  the  stronger  digest  probably  provides  a  more  realistic 
measure  of  the  potential  for  contamination  of  the  food  chain  from  the  sediment 
because  all  the  mercury  in  the  sediment  eventually  can  be  methylated,  al- 
though the  methylation  may  occur  slowly. 

The  INHS  values  for  potassium,  silver,  cadmium,  and  lead  in  sediment 
were  much  higher  than  the  MSU  values,  while  the  INHS  sodium  values  were 
much  lower.   Even  though  there  were  significant  differences  between  MSU 
and  INHS  values  for  5  other  metals,  according  to  a  t  test,  the  means  were 
very  close.   For  example,  MSU  obtained  a  mean  of  2.6  mg/kg  copper  in  sediment, 
while  INHS  obtained  2.3  mg/kg  (Table  3).   INHS  obtained  higher  values  for 
sodium,  silver,  barium,  nickel,  and  lead  in  plants  than  MSU,  and  lower 
values  for  calcium,  while  the  values  for  other  metals  in  plants  were 
not  significantly  different  (Table  4).   Nine  of  14  values  reported  for 
metals  in  snails  were  significantly  different  between  the  two  laboratories. 
INHS  had  higher  values  for  sodium,  potassium,  silver,  cadmium,  nickel,  and 
lead,  and  lower  values  for  zinc  and  mercury. 

It  was  the  consensus  of  the  chemists  at  the  26  June,  1979  meeting  that 
the  samples  analyzed  by  Dr.  Munshower  at  Montana  State  University  had 
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been  stored  too  long  (8  months)  for  reliable  comparison  with  the  INHS  data. 
Furthermore,  since  aliquots  of  a  standard  reference  sample,  or  a  sample 
spiked  with  known  amounts  of  several  metals  had  not  been  submitted  to  both 
laboratories,  it  was  impossible  to  determine  whether  the  MSU  values  were 
too  low  or  the  INHS  values  too  high  for  the  1977  cross-checks. 

The  samples  used  in  the  1978  cross-checks  of  metal  analyses  between 
Analytical  Bio  Chemistry  Laboratories  (ABC)  in  Columbia,  Missouri  and  the 
Illinois  Natural  History  Survey  Laboratory  (INHS)  purposely  were  stored 
approximately  the  same  length  of  time  at  both  labs,  to  rule  out  differences 
in  results  due  to  differences  in  storage  times.   Table  6  shows  that  the 
sediment  concentrations  reported  by  ABC  and  INHS  agreed  closely.   The 
INHS  values  for  water  star  grass  are  close  to,  but  generally  higher  than  the 
ABC  results.   The  INHS  value  for  lead  in  water  star  grass  was  much  higher 
(7.58  yg/g)  than  the  ABC  value  (0.34  yg/g).   The  greatest  differences  between 
labs  occur  in  results  for  fingernail  clam  extracts  and  whole  fingernail  clams. 
For  example,  the  INHS  chromium  value  for  fingernail  clam  extract  is  16  times 
greater  than  the  ABC  value.   The  ABC  nickel  value  for  whole  fingernail  clams 
is  more  than  twice  the  INHS  value.   INHS  values  for  whole  fingernail  clams 
were  higher  than  ABC  values  for  copper,  cadmium,  chromium,  lead,  and  mercury, 
and  lower  for  nickel  and  zinc.   INHS  values  for  extracts  of  fingernail  clams 
were  higher  than  ABC  values  for  copper,  cadmium,  chronium,  and  zinc.   ABC 
did  not  analyze  clam  extracts  for  lead,  mercury,  and  nickel.   The  replicates 
analyzed  by  ABC  (Table  6)  show  less  variation  than  the  results  between  labs, 
indicating  real  differences  exist  between  the  two  laboratories  that  are 
greater  than  instrument  reading  errors. 

Since  no  spiked  samples  were  analyzed  by  both  ABC  and  INHS,  it  is  again 
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impossible  to  determine  whether  INHS  values  were  high  or  ABC  values  low. 
INHS  values  for  whole  clams  were  probably  higher  than  ABC  values  because 
INHS  used  a  stronger  digestion,  for  a  longer  time,  than  ABC.   This  does 
not  explain  why  INHS  and  ABC  values  differed  for  aliquots  of  the  same 
extract.   The  different  analytical  instruments  used  at  the  two  labora- 
tories may  have  contributed  to  differences  in  results.   INHS  used  a 
Fisher  mercury  analyzer  for  mercury  and  a  Jarrell-Ash  inductively  coupled 
plasma  source  optical  emission  spectrometer  for  all  other  metals.   ABC 
used  an  atomic  absorption  unit.   The  viscous  perchloric  acid  provided 
by  INHS  may  have  caused  some  problems  in  sample  nebulization  by  ABC.   It 
seems  unlikely  that  samples  or  aliquots  of  samples  were  heterogeneous 
enough  to  influence  the  results,  at  least  to  the  extent  observed  in 
Table  6. 

The  chemists  at  the  26  June,  1979  meeting  agreed  that  all  three 
laboratories  —  MSU,  INHS,  and  ABC  —  seemed  to  have  internally  consistent 
results  (see  Tables  2-5  and  6,  which  show  results  obtained  on  replicate 
samples  within  labs) ,  and  that  the  INHS  data  could  be  used  to  discuss 
relative  differences  in  metal  concentrations  between  sampling  stations, 
sampling  times,  and  between  sediments  and  the  different  organisms.   The 
INHS  values  for  most  of  the  toxic  metals  were  consistently  higher  than 
values  obtained  at  the  other  two  laboratories.   If  INHS  data  actually  were 
higher  than  the  "real"  values,  use  of  INHS  data  in  evaluating  contaminant 
problems  in  Keokuk  Pool  would  err  on  the  side  of  safety,  by  over-estimating 
the  potential  hazard,  rather  than  under-estimating.   The  chemists  at  the 
26  June,  1979  meeting  agreed  that  the  INHS  data  should  be  interpreted  and 
evaluated  with  these  considerations  in  mind. 
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Table  7  shows  that  the  results  from  Raltech  and  INHS  for  pesticides  were 
in  close  agreement  in  both  1977  and  1978. 

Metals 

Table  8  compares  the  concentrations  of  metals  in  sediment  along  the 
main  stem  of  the  Mississippi  River  with  samples  from  the  Illinois  River,  Fox 
Lake,  non-industrial  streams  in  Illinois,  and  Lake  Michigan.   Concentrations 
of  toxic  metals  in  the  sediments  of  Keokuk  Pool  were  generally  below  those 
of  the  Illinois  River,  non-industrialized  tributary  streams  of  the  Illinois 
River,  the  Fox  Chain  of  Lakes,  and  even  below  concentrations  found  in 
the  surficial  sediments  of  Lake  Michigan.   Fingernail  clams  died  out  in  the 
Illinois  River  in  1955  and  have  never  recolonized.   It  is  possible  that 
there  is  a  link  between  the  relatively  high  concentrations  of  metals  in 
the  sediments  of  the  Illinois  and  the  die-off  of  fingernail  clams. 

Sediment  concentrations  of  arsenic,  boron,  barium,  cadmium,  copper, 
molybdenum,  lead,  rubidium,  and  selenium  in  Keokuk  Pool  decreased  substan- 
tially between  1977  and  1978.   Silver,  beryllium,  chronium,  antimony,  and 
vanadium  either  changed  very  little  or  went  up  at  some  stations  and  down 
at  others.   Cobalt,  mercury,  nickel,  tin,  and  zinc  increased  substantially 
from  1977  to  1978. 

A  comparison  of  sediment  metal  concentrations  in  Tables  8  and  9 
shows  no  marked  differences  between  the  shallow  plant  beds  (station  9, 
Dallas,  Nauvoo)  and  the  deeper  main-channel  stations  (stations  A  and  8). 

Table  10  shows  that  metal  concentrations  in  water  star  grass  and  wild 
celery  were  greater  in  1978  at  the  downstream  station  9  than  at  the  upstream 
stations  at  Nauvoo  and  Dallas  City,  with  the  exception  of  barium  in  both 
plants  and  mercury  in  water  star  grass.   With  the  exception  of  nickel,  metal 
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Dallas  City  Nauvoo 

Ag  2.23  2.31 

As  0.971  0.268 

B  <0.10  <0.10 

Ba  0.555  0.541 

Be  <0.020  <0.020 

Cd  0.141  0.061 

Co  5.24  3.40 

Cr  0.767  0.622 

Cu  0.412  0.330 


Hgb  234  570 


Mo  0.225  <0.16 

Ni  1.98  1.54 

Pb  0.909  0.582 

Rb  0.01  0.01 

Sb  1.52  0.946 

Se  0.406  0.142 

Sn  7.69  4.93 

V  0.568  0.775 

Zn  6.04  3.42 


Means  from  3  aliquots  of  the  same  extract, 
ppb. 
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concentrations  in  wild  celery   were  higher  at  the  upstream  station  at 
Nauvoo  in  1977  than  at  downstream  station  9.   Although  several  metals 
in  water  star  grass  occurred  at  lower  levels  in  station  9  in  1977  than 
at  the  upstream  station,  the  differences  are  not  as  pronounced  as  in  the 
wild  celery.   With  the  exception  of  cobalt,  nickel,  selenium,  mercury,  and 
tin  the  sediments  in  1978  at  station  9  contained  higher  levels  of  metals 
than  at  Dallas  City  and  Nauvoo.   It  is  possible  that  the  water  star  grass 
and  wild  celery  accumulate  metals  in  proportion  to  what  is  available  in  the 
sediment.   There  appeared  to  be  little  difference  among  species  of  plants 
in  metal  accumulation. 

Table  11  shows  that  metals  in  fingernail  clams  declined  between  1977 
and  1978  with  the  following  exceptions:   rubidium  at  stations  8  and  4, 
mercury  at  station  4,  antimony  at  all  stations,  and  tin  at  all  stations. 
In  the  fall  of  1977,  when  the  body  burdens  of  metals  in  the  clams  were  high 
(in  comparison  to  the  fall  of  1978) ,  the  numbers  of  fingernail  clams  had 
declined       ,  in  comparison  to  1975  (Thompson  and  Sparks,  1977:  1).   Not 
only  did  the  number  of  clams  decline  during  the  period  1976-77,  but  the 
growth  of  the  survivors  was  reduced.   In  1976,  the  maximum  shell  length 
was  only  8.3  mm  as  compared  to  12.4  mm  in  both  1974  and  1975  (Thompson  and 
Sparks,  1977:  5).   Fingernail  clams  begin  to  reproduce  when  they  reach  about 
5  mm  in  shell  length  (Gale,  1969).   In  1974  and  1975,  the  reproductive  popu- 
lation was  reduced  to  less  than  1,000  per  square  meter  (Thompson  and  Sparks, 
1977:  5). 

There  may  be  a  link  between  the  1976-77  drought  in  the  upper  Mississippi 
basin,  the  body  burdens  of  metals  in  the  clams,  and  the  60%  decline  in 
numbers  of  fingernail  clams  between  1975  and  1976-1977.   While  the  body 
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Table   11  .   Comparison  of  Metal  Concentrations  (yg.'g=ppm)  in  Fingernail  Clams. 


Keokuk  Pool 

,  Mississ 

;ippi  River 

Station  4 

Station  8 

Station 

9 

1977 

1978 

1977 

1978 

1977 

1978 

Fox  R.b 

Ag 

10 

4.93 

14 

4.37 
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2  aliquots  from  the  same  sample. 
Anderson,  1977:  348.   Fingernail  clams  identified  to  genus  Sphaerium. 
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burdens  of  metals  in  the  clams  may  not  have  been  high  enough  to  harm  the 
clams  directly,  it  is  possible  that  the  clams  were  sensitized  to  other 
stresses  such  as  increased  ammonia  concentrations  and  oxygen  stratification 
in  Pool  19  (Anderson  et  al. ,  1978:  79).   The  return  to  more  normal  flows 
in  the  upper  Mississippi  in  the  spring  of  1978,  the  decreasing  body  burdens 
of  metals  in  clams  in  Pool  19,  and  the  recovery  of  the  clam  populations 
similarly  may  be  linked. 

Concentrations  of  cadmium,  copper,  lead,  and  zinc  were  much  lower  in 
fingernail  clams  from  Keokuk  Pool  than  in  fingernail  clams  from  the  Fox 
River  (Table  11).   The  body  burden  of  silver  in  fingernail  clams  and 
snails  in  the  Keokuk  Pool  (up  to  20  ppm,  see  Tables  11  and  12)  seems 
surprisingly  high.   However,  the  INHS  values  for  silver  were  consistently 
higher  than  the  values  obtained  by  another  laboratory  (MSU) ,  and  need  to 
be  confirmed  before  one  can  conclude  that  silver  may  be  a  significant 
contaminant  in  Keokuk  Pool.   Silver  is  known  to  be  orders  of  magnitude 
more  toxic  to  fish  than  lead.   We  were  not  able  to  locate  any  published 
information  on  the  toxicity  of  silver  to  fingernail  clams  or  on  body 
burdens  of  silver  in  clams  or  snails  in  other  rivers. 

Tin  concentrations  in  fingernail  clams  increased  by  an  order  of 
magnitude  between  1977  and  1978  in  Keokuk  Pool  (from  less  than  10  ppm 
to  50-100  ppm).   We  have  no  explanation  for  this  large  increase,  and 
we  could  find  no  published  information  on  tin  toxicity  to  molluscs,  or 
tin  levels  in  molluscs.   Biesinger  and  Christensen  (1972:  1691)  reported 
that  . 35  ppm  tin  in  Lake  Superior  Water  caused  a  16  percent  decrease 
in  the  number  of  young  produced  by  Daphnia  magna.   In  terms  of  reproductive 
impairment  of  Daphnia,  tin  was  more  toxic  than  arsenic.   The  extremely 
high  mercury  concentration  of  4,259  ppb  at  station  9  in  1977  appears 
anomalous  because  it  is  so  much  higher  than  the  other  stations  and  the 
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same  station  in  1978. 

Table  12  shows  that  metal  concentrations  in  snails  followed  the 
same  pattern  as  in  fingernail  clams,  i.e.  much  lower  in  1978  than  1977. 
Exceptions  to  the  general  rule  were:   mercury,  rubidium,  tin,  and 
antimony.   Results  for  lead,  cobalt,  and  boron  in  both  snails  and  clams 
were  mixed:   the  concentrations  at  different  sampling  stations  increased, 
decreased,  or  remained  the  same  between  1977  and  1978.   As  in  fingernail 
clams,  the  silver  concentrations  in  snails  appear  surprisingly  high. 
Tables  11  and  12  show  that  concentrations  of  zinc  in  clams  and  snails 
were  considerably  higher  in  the  Fox  River  than  in  the  Mississippi,  while 
concentrations  of  cadmium  and  copper  were  almost  the  same.   Concentrations 
of  lead  in  fingernail  clams  were  approximately  3  times  higher  in  the  Fox 
River  than  in  the  Mississippi,  while  lead  in  snails  was  practically  the 
same  in  the  two  rivers. 

There  did  not  seem  to  be  a  pronounced  upstream-downstream  trend  in 
metal  concentrations  in  the  fingernail  clams  or  snails  within  the  study 
reach  of  Keokuk  Pool.   Nor  did  any  one  station  stand  out  as  a  "hot  spot". 

Organics 

Table  13  shows  that  at  stations  where  samples  were  taken  in  both 
1977  and  1978  the  concentration  of  dieldrin  in  sediment  increased  from 
1977  to  1978,  while  heptachlor  epoxide  showed  decreases  at  2  stations  and 
an  increase  at  station  8.   Tables  14  and  15  show  that  dieldrin  apparently 
did  not  accumulate  in  plants  or  mollusks  to  levels  much  greater  than  in 
the  sediments.   In  contrast,  PCBs  occurred  at  much  higher  levels  in  water 
star  grass  (10  to  20  times)  than  in  the  sediments  and  in  1977  PCB  levels 
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Table  12  .   Comparison  of  Metal  Concentrations  (yg/g=ppm)  in  Snails. 
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Anderson,  1977:  348.   Snails  identified  to  genus  Campe loma. 

CEnk  and  Mathis,  1977:  157.   Snails  identified  to  genus  Physa. 
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Table  13  .   Concentrations  of  pesticide  residues  found  in  sediment  samples  collected 
from  the  Keokuk  Pool  of  the  Mississippi  River  in  Fall  1977  and 
Fall  1978.  The  symbol  "nd"  means   "below  the  detection  limits" 
(see  Table   1  for  detection  .Limits).   All  concentrations  are 
ug  per  kg  (ppb). 
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in  snails  and  fingernail  clams  were  1  hundredfold  to  several  hundredfold 
greater  than  in  the  sediments.   In  most  laboratory  studies  of  bioaccumulation. 
the  organisms  are  exposed  to  PCBs  in  water,  rather  than  in  sediment.   Lowe 
et  al.  (1972)  report,  for  example,  that  the  American  oyster,  Crassostrea 
virginica,  concentrates  PCBs  from  water  by  a  factor  of  101,000.   Munson  et 
al.  (1976:  223)  report  that  "shellfish"  (authors  did  not  identify  the 
organisms)  concentrated  PCBs  by  a  factor  of  4,000  above  what  was  found  on 
suspended  sediment  (including  phytoplankton)  in  the  water  column.   Almost 
1  part  per  million  PCBs  was  found  in  fingernail  clams  at  station  9  in 
1977.   The  PCB  concentrations  in  1977  in  clams  at  upstream  stations  8  and 
4  were  lower.   A  level  of  nearly  1  ppm  is  extremely  high  for  a  short-lived 
organism  such  as  the  fingernail  clam,  which  has  only  one  year  in  which  to 
accumulate  contaminants.   PCB  levels  were  also  quite  high  in  snails  in 
1977.   Munson  et  al.  (1976:  222)  reported  that  the  total  PCB  concentration 
in  unidentified  shellfish  from  Chesapeake  Bay  was  .052  ppm  (wet  weight — 
authors  did  not  specify  whether  shells  were  removed) .   McDermott  et  al. 
(1976:  215)  in  a  study  of  PCB  contamination  of  southern  California  marine 
organisms,  found  concentrations  of  .4  ppm  (wet  weight,  without  shells)  in 
intertidal  mussels,  Mytilus  calif ornianus ,  purposely  exposed  to  a  sewage 
outfall  for  13  weeks,  and  .8  to  1.3  ppm  PCBs  (wet  weight,  without  shells) 
in  harbor  mussels  (Mytilus  edulis)  near  commercial  docks.   Both  these 
species  live  many  years  and  were  either  living  in  water  or  placed  in  water 
known  to  be  contaminated  with  1  to  4  parts  per  trillion  PCBs.   The  high 
PCB  levels  in  the  fingernail  clams  in  Keokuk  Pool  may  have  interacted  with 
the  relatively  higher  body  burdens  of  toxic  metals  in  1977  to  make  the 
clams  more  sensitive  to  other  stresses  such  as  ammonia. 
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In  summary,  concentrations  of  toxic  metals  and  organics  in  the 
sediments  of  Keokuk  Pool  are  generally  low.   The  metals  in  the  sediments 
of  the  Pool,  in  particular,  are  lower  than  in  polluted  streams,  such  as 
the  Illinois  River,  and  even  lower  than  in  non-industrialized  streams 
and  in  the  surficial  sediments  of  Lake  Michigan.   In  general,  concentrations 
of  metals  and  organics  decreased  between  1977  and  1978  in  plants,  snails, 
and  fingernail  clams  in  the  Pool.   This  decline  occurred  at  the  same 
time  as  a  drought  and  record  low  flows  ended  in  the  upper  Mississippi 
during  1978.   Without  further  evidence  or  studies,  it  is  difficult  to 
determine  whether  the  return  to  normal  flows  and  the  reduction  in  body 
burdens  of  toxics  was  coincidental  or  causal.   Except  fo  PCBs ,  which 
generally  increased  in  fingernail  clams  and  snails  in  the  downstream 
direction  in  1977,  there  did  not  seem  to  be  a  pronounced  upstream-downstream 
trend  in  contaminant  concentrations  within  the  study  reach  of  Keokuk  Pool. 
The  high  levels  of  PCBs  (almost  1  part  per  million)  in  fingernail  clams 
in  1977  and  the  surprisingly  high  levels  of  silver  and  tin  in  both  clams 
and  snails  seem  worthy  of  additional  investigation  with  both  laboratory 
and  field  studies.   The  amount  of  silver  in  snails  and  clams  should  be 
verified  by  another  laboratory.   Laboratory  studies  should  examine  the 
effects  of  body  burdens  of  PCBs  and  metals  in  sensitizing  mollusks  to 
other  stresses,  such  as  increased  ammonia  or  lowered  dissolved  oxygen 
levels.   Laboratory  studies  could  also  determine  whether  fingernail  clams 
and  snails  acquire  contaminants  from  water,  sediment,  food  particles,  or 
from  all  three  sources. 
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